Abstract. We report two-dimensional electronic spectroscopy with a femtosecond stimulated Raman scattering probe. The method reveals correlations between excitation energy and excited state vibrational structure following photoexcitation.
The probe beam was focused with a 250 mm spherical mirror to a spot size of 100 μm and overlapped in the sample with the pump beam at a crossing angle of ~2°. These focusing and excitation conditions produced a ~70% excitation level of the sample. Cross-correlation between the pump and probe pulses indicated a time resolution of ~200 fs. The pump beam was electronically "chopped" at 500 Hz by the Dazzler, and the probe beam was spectrally resolved at 1 kHz using a Horiba Jobin Yvon iHR320 spectrometer and Pixis 100B CCD camera. We note that in the experimental configuration shown here, both 2DES and 2DE-FSRS spectra are obtained simultaneously, as the Raman pump pulse is chopped.
2DE-FSRS data taken on rhodamine 6G in ethanol is shown in Figure 1B , for a waiting time t 2 = 300 fs. Along the detection frequency axis, several excited state Raman modes are clearly observed. In this system, we did not observe time dependent shifts of the observed modes, or excitation wavelength dependent features in the FSRS spectrum over the excitation wavelength range that was studied. By resolving the excitation frequency dependence of FSRS without compromising time resolution, 2DE-FSRS promises to provide a structural probe of excited states as they evolve. We note that the FSRS probe, being non-resonant, can access optically dark states such as charge transfer states that are invisible to 2DES and other resonant spectroscopies. In addition the broadband FSRS probe offers an attractive alternative to the relatively narrowband spectral data obtained in experiments using IR pulses. The combination of 2DES and 2DE-FSRS will provide complementary electronic and vibrational signatures of spectroscopic intermediates, facilitating their identification.
